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Abstract 
Cable suspended structures undergo large displacements under loading. The nonlinear response of cable structures is 
widely discussed in literature stressing that a nonlinear analysis is necessary in order to determine their accurate behaviour. 
But no explicit reference has been made to the actual differences between the linear and nonlinear responses. This paper 
analyzes the differences between the linear and nonlinear responses of cable suspended structures under dynamic loading. 
Several types of structures (cable truss, hyperbolic paraboliod) are being studied in order to make an explicit comparison 
between the linear and nonlinear responses. Multiple levels of pretension are considered varying from 10% to 50%. The 
source of non-linearity in the structural behaviour which is being treated in this paper is the one attributable to changes in 
geometry. 
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1. Introduction 
Cable structures are generally lighter and more flexible that conventional structures. Their height to span 
ratios are also relatively small. Thus cable structures are more resistant to earthquakes but sensitive to wind 
loads. The dynamic response of cable structures is characterized by geometric nonlinear behaviour. Material 
nonlinearity can also be present but, when analyzing cable structures, the geometric nonlinearity is 
predominant. The geometric nonlinearity is influenced by the sag to span ratio and by the stiffness of the 
structure (given by pretension forces, curvature, dead loads). The analyses presented in this paper consider a 
linear elastic material; only geometric nonlinearity is taken into account. The differences between the linear and 
nonlinear responses of pretensioned cable structures are investigated and discussed. It can be seen that in 
certain conditions linear analysis gives sufficiently accurate results. The analyses are conducted in the 
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frequency domain and time domain using finite element software Abaqus [1] and Sap2000 [2]. Two types of 
cable structures (biconcave cable truss and hyperbolic paraboloid) are subjected to dynamic loads. The linear 
and nonlinear responses are calculated for each structure, considering four pretension cases and two loading 
cases. Linear and nonlinear displacement time histories are plotted and the differences are discussed. For the 
comparison of displacements the central nodes in the structures are considered.  
 
Nomenclature 
P0 Amplitude of dynamic load 
u Circular frequency of periodic load  
umin  Minimum circular frequency calculated 
TC Calculation time 
Tmax Maximum period calculated in modal analysis 
 
2. Example structures 
2.1. Biconcave cable truss 
The biconcave cable truss (Fig. 1) is a plane truss with vertical hangers and a span of 70,00 m. It is made up 
of ten 7,00 m panels. The total height of the truss is 11,35 m with a height of 2,00 m in the middle of the span. 
The cables are considered to have a circular cross section with sectional areas of 27,8256 cm2 , 20,0862 cm2  
and 0,5969 cm2  for the sagging, hogging and hanger cables. The modulus of elasticity of the cables is 16500 
kN/cm2. The truss is supported by four pin-joints and has a total of 36 degrees of freedom. The geometrical 
configuration and cable characteristics were established according to [3]. 
 
 
 Fig. 1. Biconcave cable truss. 
2.2. Hyperbolic paraboloid 
The hyperbolic paraboloid [4] (Fig. 2) is a 35,052 x 35,052 m structure, known in literature as the Aden 
Airways building. The structure is composed of seven cables each way in equal spacing. The modulus of 
elasticity of the cables is 16547 kN/cm2. The structure has 75 degrees of freedom. The cables are considered to 
have circular cross sections with sectional areas of 12,71 cm2. 
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Fig. 2.  Hyperbolic paraboloid. 
3. Description of analyses used 
The example structures were analyzed using Abaqus [1] and Sap2000 [2] softwares. For the cable truss 
Abaqus software was used. Four levels of pretension varying from 20% to 50%  (of the breaking strength in the 
bottom cable) were considered, together with two types of loading. The linear analyses performed are modal 
time history analyses for which the modal characteristics of the structure were determined on the pretensioned 
structure in its equilibrium state. All 36 modes of vibration were calculated with Abaqus software. The element 
type used is the 2D truss element, T2D2, which can withstand only axial loading (tension only in this case). 
The nonlinear analyses performed are direct integration time history analyses using the HHT (Hilbert-Hughes-
Taylor) operator. Abaqus failed to reproduce the correct frequencies for the hyperbolic paraboloid so Sap2000 
software was used; it produced results in good agreement with the real ones. Frequencies that are considered 
accurate were calculated with Fortran programs [5], which were confirmed to give results in accordance with 
experimental data. Four levels of pretension were considered for the hyperbolic paraboloid (from 10% to 40% 
of the breaking strength in the Y-cables), and two types of loading. Modal time histories and direct integration 
time histories were performed in Sap2000 for all levels of pretension. 75 modes of vibration were calculated for 
the prestressed hyperbolic paraboloid. The catenary cable element was used to model the Aden structure. For 
the direct integration analyses the Newmark operator was used. Both structures were loaded with two 
different types of dynamic loads. The first type was applied with full amplitude at the beginning of the response 
interval, and the force remained constant for the entire period of the analysis. The second load type considered 
was a periodic load defined by (1): 
 
                                                                          P=P0 sin(ut)                                  (1) 
 
Where u=1,1*umin, umin being the minimum circular frequency calculated in the modal analyses. The time 
intervals for which the time histories were recorded are TC=2*Tmax for the cable truss and TC=5*Tmax for the 
hyperbolic paraboloid, where Tmax is the maximum period calculated in the modal analyses for each structure 
and each pretension case. The time increment for all analyses was 0,001 seconds. Zero damping was 
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considered. The initial amplitudes for the dynamic forces applied, P0 , are 12,5 kN for the cable truss and 15,0 
kN for the hyperbolic paraboloid. 
4. Results  
In Figures 3 to 6 displacement histories are plotted for the analyzed structures. 
 
Fig. 3.  Displacement histories, cable truss (30% pretension level), constant loading. 
 
Fig. 4.  Displacement histories, cable truss (30% pretension level), periodic loading. 
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Fig. 5.  Displacement histories, Aden (20% pretension level), constant loading. 
 
Fig. 6.  Displacement histories, Aden (20% pretension level), periodic loading. 
The displacement histories in Figures 3 and 4 correspond to node 9 (see Figure 1) of the cable truss. The 
displacement histories in figures 5 and 6 correspond to node 13 (see Figure 2) of the hyperbolic paraboloid. 
The maximum differences between the peaks of linear and nonlinear displacements for the nodes mentioned 
above, for all pretension cases and loads, are presented in Tables 1 and 2. All displacements considered are 
vertical displacements. 
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Table 1. Maximum differences between displacements, central node 9. 
Cable truss 
Pretension (%) 
Constant load 
Difference (m) 
Periodic load 
Difference (m) 
20 0.03820 0.00361 
30 0.00649 0.00345 
40 
50 
0.01040 
0.00297 
0.00367 
0.00255 
Table 1. Maximum differences between displacements, central node 13. 
Hyperbolic paraboloid 
Pretension (%) 
Constant load 
Difference (m) 
Periodic load 
Difference (m) 
10 0.00305 0.00258 
20 0.00259 0.00218 
30 
40 
0.00162 
0.00162 
0.00101 
0.00190 
 
5. Conclusions 
Two types of cable roof structures under varying levels of prestress were analyzed in the frequency and time 
domains. Taken into consideration the scale of the structures the results show very little differences between 
the linear and nonlinear displacements calculated. Considering the assumptions made in this study it can be 
concluded that the linear analysis is a good approximation for determining the dynamic response of highly 
prestressed cable structures. It is also important to note that the loads were chosen in such a manner that none 
of the elements became slack during the analyses. This is based on the assumption used in practice that under 
the worst loading scenario none of the elements should lose their tension entirely. 
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